The supraclavicular block of the brachial plexus is a useful alternative to general anesthesia for upper limb surgeries as they provide reliable and ideal operating conditions by maintaining stable hemodynamics, superior analgesia, and muscle relaxation. The sympathetic block it provides reduces the postoperative pain, vasospasm, and edema. The acceptance of regional anesthesia techniques has been limited by two significant factors, namely, the slow onset time and the short duration of action. Many a time, the duration of surgery outlasts the effective analgesic period of the regional technique employed thus requiring the conversion to a general anesthetic. Furthermore, the role of peripheral nerve blocks is not anymore limited to the intraoperative period alone but is inclusive of postoperative pain and chronic pain management.
and cardiac complications, reduced risk of deep vein thrombosis, faster recovery with less likelihood of developing neuropathic pain, and reduced expenses.
Initially, several attempts were made to combine short rapid acting local anesthetic agents like lignocaine with longer acting agents such as bupivacaine with late onset to make up for the pitfalls such as late onset and inadequate duration of action. From this stemmed the issue of cumulative toxicity of local anesthetics and decreased efficacy due to concentration dilution. Certain drugs such as neostigmine, opioids, hyaluronidase, and midazolam have been used as adjuncts to local anesthetics to lower the dose of each agent and enhance the efficacy of the blockade while reducing the incidence of adverse effects of each of the agents. [2] [3] [4] Tramadol and fentanyl also have been successfully used as adjuvants to local anesthetics in brachial plexus block. [5, 6] Since the 1980s, clonidine, an alpha 2 (α 2 ) adrenergic agonist with some α 1 adrenergic properties, has been used as an adjuvant to local anesthetics in various regional anesthesia techniques to extend the duration of blockade. [5] It has been proved that clonidine improves the quality and the duration of the local anesthetic nerve blocks as well as in spinal and epidural anesthesia. [1, [6] [7] [8] [9] This property has been attributed to the fact that α 2 adrenergic agonists enhance the nerve block of local anesthetics by facilitation of C fiber blockade, by local vasoconstriction or by spinal action caused by diffusion along the nerve or retrograde axonal transport. [10] Furthermore, clonidine enhances the action of local anesthetics by blocking the sodium channels and opening the potassium channels resulting in membrane hyperpolarization. [11] This study aimed to evaluate the efficacy of clonidine used along with bupivacaine in a supraclavicular brachial plexus block on the duration of action, the quality of sensory and motor blockade, duration of postoperative analgesia and intra-and post-operative complications in ultrasound and nerve locator-guided supraclavicular brachial plexus block for upper limb surgeries.
MaterIalS and MethodS
This randomized, prospective double-blinded study was commenced after obtaining approval from the Institutional Ethics Committee. All the procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional or regional) and with the Helsinki Declaration of 1975 that was revised in 2000. Written informed consent was obtained from the patient in their regional language. Fifty, patients with American Society of Anesthesiologists (ASA) physical status classes I and II, aged between 20 and 60 years of both genders undergoing surgical procedures of forearm or hand under supraclavicular brachial plexus block were recruited. Patients with significant history of neurological, psychiatric and neuromuscular diseases, alcohol and or drug abuse, diabetes mellitus, renal disorders, other contraindications for a supraclavicular block such as local infection at the site, bleeding disorders/anticoagulant therapy, and patient refusal were excluded from the study. The principal investigator discussed the details of the study with the patient on the night before the surgery, and written consent was obtained.
Computer-generated block randomization was done. Opaque sealed envelopes with the randomly assigned group either Group B who received 20 ml of bupivacaine and 7 ml of 2% lignocaine or Group C who received 20 ml of bupivacaine and 7 ml of 2% lignocaine along with 100 µg of clonidine was opened by one of the investigators just before the administration of the block. The anesthetist who made the observations was blind to the test drug/combination administered.
All patients were kept fasting as per standard guidelines, and aspiration prophylaxis was administered. Anxiolytic premedication was avoided due to the possible interference with the assessment of sedation. Group B received 20 ml of 0.5% bupivacaine with 7 ml of 2% lignocaine. Group C received 20 ml of 0.5% bupivacaine with 7 ml of 2% lignocaine with 100 µg of clonidine. On the day of surgery, standard monitors as per ASA guidelines were connected, and an intravenous (IV) cannula was secured in the nonoperative limb once the patient arrived in the premedication room. The patient was positioned supine with head turned away from the limb to be operated. The injection site was cleaned with chlorhexidine and was draped. A high-frequency adult linear ultrasound probe covered with sterile ultrasound probe cover was then placed over the supraclavicular region. The brachial plexus was identified in relation to the pulsating subclavian artery and the hyperechoic first rib. Local anesthesia at the injection site was provided with 2 ml 2% plain lignocaine. The plexus was then approached using an in-plane technique with a 5-cm sterile 22G short-beveled insulated (Teflon -coated) nerve-stimulating needle. Once the needle tip reached the nerve sheath, stimulation frequency was set at 2 Hz and gradually reduced to <0.5 Hz after which following negative aspiration for blood/air drug was deposited at the angle between subclavian artery and first rib and outside the nerve sheath.
All observations were performed by a doctor, who was blinded as to which group the patient was assigned. Vital parameters of the patient including the heart rate (HR), blood pressure (BP), respiratory rate, and oxygen saturation were continuously monitored. The degree of sensory and motor block was assessed at 5, 10, 20, 30 min after the block and later at 2, 4, 6, 8, and 10 h as well. The duration of postoperative analgesia was recorded as the time to which the patient asks for the first dose of rescue analgesia. The sensory block was evaluated by pinprick on skin dermatomes C 4 to T 2 whereas motor block was assessed by asking the patient to adduct the shoulder and flex the forearm against gravity.
The sensory score was graded by pinprick as: 0-Sharp pain 1-Touch sensation only 2-No sensation And the motor block was graded by the Bromage scale as: 0-Normal motor function 1-Decreased motor strength with ability to move the fingers only 2-Complete motor block with inability to move the fingers.
The onset of sensory block was defined as the time elapsed between injection of the drug and complete loss of cold perception in hand, while the onset of motor blockade was defined as the time elapsed from injection of the drug to complete motor block. Duration of sensory block (the time elapsed between injection of drug and appearance of pain requiring analgesia) and duration of motor block (the time elapsed between injection of the drug and complete return of muscle power) were recorded. Both the groups were compared for any difference in demographics such as weight, age, sex distribution, and time of onset of sensory and motor blockade, duration of sensory and motor blockade, duration of analgesia, and sedation scores in the postoperative period.
Statistical analysis
Statistical analysis was performed using SPSS (Version 18, Chicago, IL, USA). Baseline parametric variables are presented as mean ± standard deviation (SD) and categorical variables as percentages (%). Continuous outcome variables were tested for statistical significance using a Student's t-test (two-tailed, independent), and Mann-Whitney U-test was used for outcomes that were nonnormally distributed. Categorical variables were compared using Fisher's exact test. P < 0.05 was considered as statistically significant.
reSultS
The recruitment and follow-up is detailed in Figure 1 . Demographic data (age, weight, and gender) and the ASA status of patients were comparable between Group B and Group C [ Table 1 ]. Furthermore, the mean (±SD) duration of surgery was similar in all the groups [ Table 2 ]. In our study, we found that the onset of sensory blockade was slightly earlier in the study group of clonidine (Group C) having a mean onset time of 6.60 ± 2.38 min in comparison with the control group (Group B) having a mean onset time of 8.20 ± 2.84 min. The statistical analysis by Student's unpaired t-test was found to be statistically significant as P value was 0.036 (P < 0.05). Furthermore, we observed that the mean onset time of motor block was earlier in the study group (Group C) having a mean onset time of 9.60 ± 2.85 min when compared to the mean onset time in the control group (Group B) being 14.60 ± 3.76 min. This enhancement in the onset time was found to be significant by unpaired t-test with P < 0.001 [ Table 3 ]. The duration of Figure 1 : The CONSORT flow diagram for the study sensory and motor blockade in Group C was significantly longer than in Group B. A similar pattern was observed when the time to rescue analgesia was compared between the two groups [ Table 4 ].
It was observed that in Group B, all patients were awake and alert and had a sedation score of 1. While, in Group C, 20% of patients at the 15-min time point, 32% of patients at the 20-min time point, and 32% of patients at the 30-min had a sedation score of 2. None of the patients had a sedation score of 3 and above during the study period. Statistical analysis of sedation score by Chi-square test showed that the difference in sedation score was significant (P < 0.05). Although the sedation scores were significantly different, the hemodynamic variables of HR, systolic BP, diastolic BP, and oxygen saturation at all time points were comparable between the two groups. None of the patients was noticed to have any neurological deficits on postoperative follow-up.
dIScuSSIon
Many trials have come in the past with the use of clonidine as an adjuvant to local anesthetics in peripheral nerve blocks.
Many of them found that although the onset of the block was faster with clonidine, most of the patients had higher incidence of systemic adverse effects such as bradycardia, hypotension, and excessive sedation. To overcome this, we used an ultrasound and nerve locator-guided brachial plexus that allowed the deposition of the entire volume under the sheath which helped in achieving a higher concentration at the site. This also would reduce the incidence of systemic adverse events. Studies have also shown that dexmedetomidine added to levobupivacaine for axillary brachial plexus block shortens the onset time and prolongs the duration of the block and the duration of postoperative analgesia. However, they concluded that dexmedetomidine also may lead to bradycardia. [12] [13] [14] [15] [16] In this study, we found that the mean onset of sensory blockade was faster in both the groups when compared to trials by other investigators. The shorter onset of time in both the groups in this study may be attributed to the faster onset of action of lignocaine, the larger volume of the local anesthetic solution as well as the use of the ultrasound as a guide along with the nerve locator. The clonidine group had a faster onset by 1.6 min as compared to the other Group B. This concurs with the study by Iohom et al. where the mean onset time of sensory block was much faster in the clonidine group by 3.4 min as compared to that of the placebo. [17] The meta-analysis conducted by Pöpping et al. of various studies using clonidine in brachial plexus block also reinforces the fact that the clonidine group has an early onset of sensory block time. [6] In our study, we observed a significant enhancement in the mean motor onset time in the clonidine group as compared to the control group. The faster onset of the motor blockade could be due to the local effect of clonidine in the ionic channels of the nerve and a synergistic action with that of local anesthetic agents. [18, 19] Chakraborty et al. also reported an earlier onset of the motor blockade in clonidine group by 8 min over the control group. This fact was further reinforced by our study as well.
We also found that there was no significant time interval between the onset of the sensory blockade and motor blockade. First, this could be due to the somatotopic arrangement of the fibers in the nerve bundle at the level of trunks in which motor fibers are located more peripherally than sensory fibers. Second, our technique aided in achieving a higher drug concentration at the target site with minimal extravasation of the blocking solution outside the fascial sheath. Our study showed a significantly longer mean duration of sensory blockade for the clonidine group as compared to the control group. Hence, the local anesthetic began to block motor fibers before it arrived at the centrally located sensory fibers thereby reducing the time interval between the sensory and motor blockade. [20] In our study, we observed a significant prolongation in the mean duration of analgesia in the clonidine group than in the control group. McCartney et al. found that clonidine as an adjunct to bupivacaine prolonged the postoperative analgesic effects compared to bupivacaine alone when administered for various peripheral nerve blocks. [21] Studies done by Pöpping et al. and Eledjam et al. showed that the difference in the duration of postoperative analgesia for the clonidine group was significantly higher in contrast to that of the control group. [1, 6] This prolongation in the duration of the blockade has attributed the interaction between clonidine and the axonal ion channel and receptors. [18, 22] The mechanism of action of this blockade was due to the action of clonidine inhibiting the action potential of A and C fibers in peripheral nerves. [23] [24] [25] This study showed that there was a significant prolongation of the mean duration of the motor blockade in the clonidine group as compared to the control group. Pöpping et al. in their study showed that there was a significant prolongation of the average duration of motor blockade by 141 min in the clonidine when compared to that of the control group. [6] Cucchiaro and Ganesh further concurred with this. [7] In contrast, Duma et al. showed that there was no added advantage regarding the duration of blockade between the clonidine and placebo group. [5] This was probably because clonidine, when used as an adjunct with longer acting local anesthetic agents like levobupivacaine and bupivacaine, may not exhibit a predictable response. [5] None of the patients in our study group had significant hemodynamic changes from the baseline recording. Even though some patients had a minimal decrease in systolic, diastolic as well as the mean arterial pressure, all of them maintained their hemodynamic parameters within the normal range. The reasons for this being the effective analgesia provided by clonidine so also the minimal sedation found with this group. It is shown that IV, centrineuraxial administration of clonidine resulted in significant hemodynamic variations including bradycardia, hypotension, and sedation. Such variations were not encountered in our study group which is attributed to the fact that there is a minimal chance of the drug attaining its peak plasma concentration due to the poor vascularity present at the site of injection as well as the low drug concentration and also the ultrasound and nerve locator aided in preventing accidental intravascular injection.
Intraoperative sedation scores were higher in the clonidine group when compared with the control group but were not statistically significant. The highest score in the clonidine group had a sedation score of 2, and no patient had a sedation score of 3 or more which required airway maintenance. This observation may be bias induced, as individuals were scored even during their natural sleep hours during the study. This mild sedative effect of clonidine relives surgery-related anxiety and provides much-needed comfort for the postoperative patient as the postoperative period is a stressful period. This minimal sedative effect which did not result in any adverse events such as respiratory compromise should, therefore, be considered as a beneficial effect of clonidine.
The use of ultrasound and nerve locator allowed the deposition of the entire volume under the sheath which helped in achieving a higher concentration at the site. This in turn would have resulted in the faster onset, no significant interval between the onset of sensory and motor blockade, longer duration of sensory blockade, and lesser systemic adverse events compared to studies done by other investigators.
concluSIon
Based on this study, we would like to conclude that inclusion of 100 µg of clonidine with bupivacaine in ultrasound-guided supraclavicular brachial plexus blocks prolongs both sensory and motor blockade. It also provides significant postoperative analgesia and mild sedation which is beneficial in the immediate stressful postoperative period.
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